Introduction
Substituted thieno [2,3-b] thiophenes [1] have been extensively investigated for their biological or physical properties. The interest in this kind of heterocycles has spread from early dye chemistry [2] to modern drug design, [3] biodiagnostics, [4] electronic and optoelectronic devices, [5] conductivity-based sensors, [6] and self-assembled superstructures [7] . Thienothiophenes derivatives are valuable building blocks in synthetic organic chemistry [8] [9] [10] . Mabkhot and others [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] have reported a variety of syntheses of heteroaromatics developed using functionally substituted thieno [2,3-b] thiophenes as readily
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obtainable building blocks possessing multiple electrophilic and nucleophilic moieties. We decided to take advantage of our recent results in the synthesis of bis-heterocycles thieno [2,3-b] thiophenes derivatives [21, 22] , to extend the synthesis of a variety of schiff's base and hydrazones bis-heterocycles systems for biological and pharmacological evaluation.
Results and Discussion
We chose to combine the N-terminal and central portions of analogues first. Construction of the substituted thienothiophenes 2a,b proceeded from initial condensation of the [2,3-b] thienothiophene central constraints with hydrazine derivatives. An example of our initial synthetic approach is outlined in Scheme 1. [2,3-b]thienothiophene hydrazine 2a was prepared from 1 with N-nucleophile such as hydrazine in EtOH under reflux for 4h in the presence of catalytic amount of TFA (trifluoro acetic acid) afforded 2a and the condensation proceeded in 75% yield. The structure of the product was substantiated by the 1 HNMR (DMSO-d 6 ) of compound 2a revealing two singlet signal at δ 2.19 and 2.05 ppm which were readily assigned to the 12H attached at CH 3 , and a singlet at δ 4.55 (4H, s) assigned to the -NH 2 . The IR spectra of compound 2a indicated a characteristic adsorption band at 3340-3217 cm −1 for the NH 2 group. Nevertheless, Phenylhydrazones 2b were then synthesized in almost quantitative yields by the reaction between phenylhydrazine and 1. The structure of phenylhydrazone derivatives was established on the basis of their elemental analysis and spectral data.
Microwave (MW) irradiation has been widely exploited in recent decades to carry out a striking number of organic syntheses, benefiting from dielectric heating in terms of reduced reaction times and increased yields, especially when coupled with solvent-free techniques. One of the most fertile applications in this field, also known as Microwave Assisted Organic Syntheses (MAOS) technique is heterocyclic chemistry, as reported in a recent review [23] . In particular, the synthetic pathways of pyrazole derivatives represent an interesting topic since these compounds have numerous applications in the pharmaceutical and agrochemical industry [24] . Some of the most widespread synthetic strategies to obtain these heterocyclic structures are the reactions between hydrazines with β-difunctional compounds [25] and 1,3-dipolar cycloaddition of diazo compounds onto multiple bonds [26] .
Another approach which has been investigated would afford the pyrazole after an elimination/aromatization of the cycloadduct intermediate. On the basis of these studies in the present work, we utilized simple and mild solvent-free microwave mediated methodologies for the synthesis of pyrazoles derivatives from α,β-unsaturated carbonyl compounds. α,β-unsaturated carbonyl compounds 3a-c were obtained starting from thieno [2,3-b ] thiophene 1 coupled with corresponding aldehyde under microwave activation in the presence of ZnCl 2 . Pyrazoles derivatives 4a-f were prepared following the classical procedure (ketone plus hydrazine derivatives in ethanol at reflux in very good yield as depicted in Scheme 2. The novel bis pyrazoles 4a-f were assumed to be formed via a stepwise formation of hydrazone followed by a Michael 1,4-addition of the nucleophile nitrogen atom. We then decided to investigate the generality of this strategy and focused on the preparation of thieno [2,3-b] thiophenes pyrazole derivatives 4a-f. Scheme 2. Synthesis of pyrazole derivatives 4a-f from thienothiophene 1.
The utility of thieno [2,3-b] thiophenes 1 in the synthesis of schiff's base bis-heterocycles 5a,b was further explored via its reaction with aniline derivatives under microwave activation in the presence of ZnCl 2 . It is assumed that the product 5a,b was formed via initial formation of nonisolable phenylamino ethanol derivatives followed by elimination of water molecules to give the desired product 5a,b as drawn in Scheme 3. Spectral data (IR, NMR, MS) and elemental analysis was consistent with isolated product 5a,b. On the other hand, the study was extended to investigate the behavoir of thieno [2,3-b] thiophenes derivatives 1 with different N-nucleophile like 1H-benzo[d]imidazol-2-amine and 1H-1,2,4-triazol-5-amine with a view to synthesizing various schiff's base bis-heterocycles ring system. Thus, the reaction of 1 with these compounds in refluxing ethanol, in the presence of catalytic amount of ZnCl 2 , furnished the corresponding products 6 and 7 in very good to excellent yields Scheme 4.
Scheme 4.
Synthesis of schiff's base derivatives 6, 7 from thienothiophene 1.
Experimental Section
All melting points were measured on a Gallenkamp melting point apparatus in open glass capillaries and are uncorrected. IR spectra were measured as KBr pellets on a perking elmer FT 1000 spectrophotometer. The NMR spectra were recorded on a Varian Mercury Jeol-400 NMR spectrometer.
1 H-NMR (400 MHz) and 13 C-NMR (100 MHz) were run in deuterated dimethylsulphoxide (DMSO-d 6 ). Chemical shifts (δ) are referred in terms of ppm and J -coupling constants are given in Hz. Abbreviations for multiplicity are as follows: s (singulet), d (doublet), t (triplet), q (quadruplet), m (multiplet). Mass spectra were recorded on a Shimadzu GCMS-QP 1000 EX mass spectrometer at 70 eV (EI). Elemental analysis was carried out on an Elementar Vario EL analyzer.
General Method for Preparation of Compounds Derivatives 2a,b (GP1)
A mixture of Compound 1 (0.25 g, 1 mmol) with hydrazine derivatives (2 mmol) in absolute ethanol (20 mL, 99.9%) was refluxed for 4 h in the presence of TEA (triethyl amine). The reaction mixture was left to cool to RT. The formed solid product was filtered off and recrystallized from EtOH/DMF to afforded the corresponding hydrazones 2a,b. 
General Method for Preparation of Compounds Derivatives 3a-3c (GP2)
A mixture of Compound 1 (0.25 g, 1 mmol) and aromatic aldhyde (2 mmol) with the addition of zinc chloride as a catalyst, was exposed to microwave irradiation at for 3-5 min. The formed solid product was filtered off and recrystallized from ethanol afforded the corresponding derivatives 3a-c. 
1,1'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(3-phenylprop-2-en-1-one) (3a

General Method for Preparation of Compounds Derivatives 4a-f (GP3)
To a mixture of 1,1'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(3-arylprop-2-en-1-one) derivatives (3a-c) (1 mmol) with hydrazine or phenylhydrazine (2 mmol) in mixture absolute ethanol (20 mL, 99.9%) and DMF (2-3 mL) was refluxed for 4-6 h. the reaction mixture was left to cool to RT. The formed solid product was filtered off and recrystallized from EtOH/DMF to afford the corresponding derivatives 4a-f. 
3,3'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis (5-phenyl-4,5-dihydro-1H-pyrazole) (4a).
3,3'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(1,5-diphenyl-4,5-dihydro-1H-pyrazole) (4b
3,3'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(5-(4-chlorophenyl)-4,5-dihydro-1H-pyrazole) (4c).
Compound 4c was prepared according to GP3 as yellowish white powder; Yield (75%); m. 
3,3'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(5-(4-chlorophenyl)-1-phenyl-4,5-dihydro-1H-pyrazole) (4d
3,3'-(3,4-dimethylthieno[2,3-b]thiophene-2,5-diyl)bis(5-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazole)(4f
General Method for Preparation of Compounds Derivatives 5a,b (GP4)
A mixture of Compound 1 (0.25 g, 1 mmol) with aniline derivatives (2 mmol) with the addition of zinc chloride as a catalyst, was exposed to microwave irradiation at for 5-6 min. The formed solid product was filtered off and recrystallized from ethanol afforded the corresponding derivatives 3a-c. (3,4-dimethylthieno [2,3-b] 
Conclusions
In summary, we have successfully prepared various polysubstituted thieno [2,3-b] thiophenes based on the reaction of carbonyl compounds with appropriate N-nucleophile assisted by microwave or classical methods. The simple procedure, mild conditions, high yields and especially environmental friendliness make this protocol very attractive, and may possess interesting biological properties or applications in material sciences.
